Our study proposes several current data mining methods to predict bankruptcy after the SarbanesOxley Act (2002) using 2007 
INTRODUCTION
ecause of the major scandals at Enron and WorldCom in early 2000, the Sarbanes-Oxley Act (SOX) of 2002 was introduced to improve the quality of financial reporting and minimize corporate fraud in the U.S. Two sections of SOX in particular, Section 302 and Section 404, focus on required reporting on the effectiveness of and any material weaknesses in internal controls over financial reporting by companies' managements and certifications by specific corporate officers. SOX Section 404 requires management to report to shareholders acknowledging its responsibility to detect and prevent material weaknesses in internal controls over financial reporting and indicating the effectiveness of these internal controls. In addition, auditors are required to report on client assertions regarding the effectiveness of these internal controls and the existence or absence of material weaknesses in their internal control systems. After the SOX implementation, the quality of financial statements was supposed to improve because compliance costs of SOX are not trivial. Therefore, if we apply the bankruptcy prediction model using financial data with the internal control factor, the overall prediction rates will be better after SOX is implemented fully.
Data mining is becoming popular in business applications and its techniques are getting more powerful in terms of overall prediction rates. We apply the most current data mining tools for our study and try to determine which method is the best for bankruptcy prediction.
Our paper is organized as follows: The next section presents the background and prior research relevant to our study. The third section presents current data mining models we used. The fourth section describes our sample data and reports our empirical results using other data mining tools. The last section concludes with a summary of our findings and future research avenues. SOX Section 302 increases disclosure requirements through officer certifications regarding the reporting by officers on the effectiveness of a firm's internal control system and on significant changes of its internal control system (Ge and McVay 2005) . The SEC requires an issuer's principal executive officers and principal financial officers to certify each quarterly and annual report, including transition reports, filed or submitted by the issuer (Kwak et al., 2009 ). The certifying officers have to acknowledge whether or not there were significant changes in internal controls or in other factors that could significantly affect internal controls subsequent to the date of their evaluation, including any corrective actions with regard to significant deficiencies and material weaknesses. We apply the current data mining approaches in our prediction study using Section 302 disclosures to propose an efficient and effective assessment of internal control weaknesses of a firm after SOX. Altman (1968) used multiple discriminant analysis to predict bankruptcy. Another major study is Ohlson's (1980) study which used a logit model. His model does not require any assumptions about the prior probability of bankruptcy or the distribution of predictor variables. Gupta et al. (1990) proposed linear goal programming, but his approach may not be practical because of computational complexity. The decision tree approach to develop bankruptcy prediction models was proposed by Sung et al. (1999) . Their results show that prediction ratios are not stable in different economic conditions. Therefore, economic conditions are important factors in bankruptcy prediction studies. The accuracy of their model is 72.4% for bankruptcy under normal conditions while it was 66.7% under crisis conditions using 1991 to 1998 Korean data. A genetic algorithm (GA) in bankruptcy prediction modeling was used by Shin and Lee (2002) . Their accuracy rate is 80.8% in both training and hold-out samples. However, this study used only one industry and there may be an upward bias for prediction accuracy. A case-based reasoning (CBR) with weights derived by an analytic hierarchy process (AHP) for bankruptcy prediction since AHP incorporates both financial ratios as well as non-financial variables into the model was proposed by Park and Han (2002) . They reported an 84.52% accuracy rate even after incorporating non-financial data. Chi and Tang (2006) recently used 24 variables to apply logit analysis and the prediction rate was 85%. From previous bankruptcy studies, any study more than the overall prediction rate of 85% is a reasonable prediction study.
The most prominent bankruptcy studies are Altman's and Ohlson's and our study uses their financial variables. In addition, internal control weakness, missing dividend payout, and stock market return rate are added to improve the prediction rate. These variables are pulled from each bankrupt firm's financial statements three years before they file bankruptcy. Recently, there are other intelligent techniques such as neural network or Support Vector Machine (SVM) used in bankruptcy studies (Elish and Elish 2008 ). Baek and Cho (2003) used a neural network approach for Korean firms to predict bankruptcy. Their approach showed 80.45% for solvent and 50.6% for default firms in terms of prediction accuracy. Min and Lee (2005) proposed SVM for the bankruptcy prediction study and found their holdout data classification rate was 83.06%.
Artificial neural networks and a fuzzy set approach have both been used in management fraud and internal controls research. Fanning et al. (1995) used artificial neural networks to detect management fraud and developed the discriminant function that provides a set of questions to detect management fraud. Deshmukh et al. (1997) proposed a fuzzy set approach that provides guidelines to measure and combine red flags, and it can be used to build fuzzy reasoning systems that assess the risk of management fraud. Korvin et al. (2004) recently proposed a pragmatic approach to assess risks of internal control using the fuzzy set theory. Their approach is useful for the computer-based accounting information system's internal control. However, their approach could be expensive and time consuming.
Hammersley et al. (2008) find results using the stock price reaction to the SOX Section 302 disclosures. They find that the information content of internal control weakness disclosed in Section 302 disclosures depends on the factors of internal control weaknesses, such as their severity, auditability, and the vagueness of disclosures. This study's results indicate that investors react to information about the existence of internal control weaknesses, so the results of our study may benefit investors by providing better predictions on which firms will enter bankruptcy in the near future.
We use 13 of the most current data mining tools including the decision tree approach in this study for comparison.
SAMPLE DATA, VARIABLES, AND EMPIRICAL RESULTS
In this paper, we used DirectEDGAR (2008) to identify 130 firms that filed bankruptcy in 2008 and 2009. These are years that SOX has fully implemented each firm's financial statements. We then identified more than twice the number of control firms that had no bankruptcy filing. Our control firms were matched with our bankrupt firms using size and two-digit industry codes. Our final sample is composed of 306 firm-year observations that have available financial and other data in Form 10-K filings using DirectEDGAR and Compustat.
In selecting variables that may help predict bankruptcy over financial reporting, we included Altman's (1968) and Ohlson's (1980) variables because these variables have proven to be useful for bankruptcy prediction in previous studies, as discussed in section two of this paper. In addition, we include internal control weakness, dividend payout, and stock return variables as proposed by previous bankruptcy studies (e.g., Duffie et al., 2007 , Sun, 2007 , and Shumway, 2001 ). Table 1 shows the descriptive statistics. As you can see in Table 1 , all variables between bankrupt firms and non-bankrupt firms are quite different except for Size, Funds flow from operations/Total liabilities, CHIN (change in income), Market value/Total debt, Sales/Total assets, and Return variables. From our results, bankrupt firms have higher Debt to Total assets, Current liability to Current asset ratios are higher, more Losses, higher Total liabilities/Total assets ratios greater than 1, higher Internal control weakness, missing Dividend more frequently. In contrast, bankrupt firms have lower Working capital to Total assets, more negative Net income to Total assets, more negative Earnings before interest and taxes to Total assets, and more negative Retained earnings to Total assets ratios.
Size is similar as we matched the control firms based on size and industry. Stock market return data are missing a lot for near bankrupt firms for our sample firms and this variable is not significant because of missing values. Table 2 presents our results using thirteen prediction models using both years. Panel A shows results with only 13 financial ratios and Panel B shows results with 13 financial ratios and other variables. Both results are similar and we will focus on using all variables. As a means of validation, the classification results of thirteen data mining models are compared with eleven performance metric (Peng et al. 2009) There are five categories of classification models and these are trees, functions, Bayesian classifiers, lazy classifiers, and rules. We use Regression Tree (CART), Naïve Bayes tree, and C4.5 for tree category. The functions category uses Linear Logistic Analysis, Radial Basis Function (RBF) network, Sequential Optimization (SMO), Support Vector Machine (SVM), and Neural Networks. The Bayesian category includes Bayesian network and Naïve Bayes. The Lazy classifier uses K-nearest-neighbor. We use Decision Table and Repeated Incremental Pruning to Produce Error Reduction (RIPPER) for rules category (Peng et al., 2009) . Each of these classifiers has pros and cons and we want to see which methods perform better in our bankruptcy context. Since training results indicate how well the classification model fits the training set and test results reflect the real predicting power of the classification model, the following tables only summarize the eleven metrics for test sets. The standard 10-fold cross validation process is applied to all classifiers. The standard Leave-One-Out validation process is applied to LDA.
Based on the overall accuracy rate of both years using all variables, Bayesnet shows 85.42% of overall accuracy with 94% of AUC. Next, J48 Decision Tree using C4.5 shows 85.42% of overall accuracy, followed by Decision Table with 83.52% of overall accuracy. Interestingly, the overall accuracy rate of Decision Table is 85.11% with only 13 financial ratios compared with 83.52% with all variables. Other cases, usually overall accuracy rates are higher for classifiers using all variables. Therefore, we focus on results of overall variables for further discussions. For Bayesnet, F-measure is 80%, 15% of Mean Absolute Error, and Kappa Rate is 68%, Precision is 78%, Recall is 83%, Training Time is 0.02 and Testing Time is close to 0. Overall, our top data mining models are very effective and efficient and overall prediction rates are close to 85% using 2008 and 2009 U.S. data. The most previous studies show lower than 85% of bankruptcy prediction rates using various methods and our results imply that bankruptcy prediction rates after SOX is a little better than before SOX.
SUMMARY AND CONCLUSIONS
In this paper we used 13 data mining approaches to predict bankruptcy after SOX implementation using 2008-2009 U.S. data with 13 financial ratios and internal control weakness, dividend payout, and market return variables. The data mining approaches have recently been applied to several bankruptcy prediction studies (Kwak et al., 2012) . This approach has proven to be robust and powerful even for a large sample size using a huge financial database. The results of the Bayesnet approach in our bankruptcy study are better in overall accuracy compared with previous bankruptcy studies before SOX implementations.
